Microtubule and Actin Differentially Regulate Synaptic Vesicle Cycling to Maintain High-frequency Neurotransmission.
Cytoskeletal filaments such as microtubules (MTs) and filamentous actin (F-actin) dynamically support cell structure and functions. In central presynaptic terminals, F-actin is expressed along the release edge and reportedly plays diverse functional roles, but whether axonal MTs extend deep into terminals and play any physiological role remain controversial. At the calyx of Held of rats of either sex, confocal and high-resolution microscopy revealed that MTs enter deep into presynaptic terminal swellings and partially co-localize with a subset of synaptic vesicles (SVs). Electrophysiological analysis demonstrated that depolymerization of MTs specifically prolonged the slow recovery time component of EPSCs from short-term depression (STD) induced by a train of high-frequency stimulation, whereas depolymerization of F-actin specifically prolonged the fast recovery component. In simultaneous pre- and postsynaptic action potential recordings, depolymerization of MTs or F-actin significantly impaired the fidelity of high-frequency neurotransmission. We conclude that MTs and F-actin differentially contribute to slow and fast SV replenishment, thereby maintaining high-frequency neurotransmission.SIGNIFICANT STATEMENTThe presence and functional role of MTs in the presynaptic terminal are controversial. Here we demonstrate that MTs are present near SVs in calyceal presynaptic terminals and that MT-depolymerization specifically prolongs the slow recovery component of EPSCs from STD. In contrast, F-actin depolymerization specifically prolongs fast recovery component. Depolymerization of MT or F-actin has no direct effect on SV exo-endocytosis or basal transmission, but significantly impairs fidelity of high-frequency transmission, suggesting that presynaptic cytoskeletal filaments play essential roles in SV replenishment for the maintenance of high-frequency neurotransmission.